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(54) AUTOMATIC RUBBER POWDER PLASTICIZING METHOD AND EQUIPMENT FOR AUTOMATIC 
RUBBER POWDER PLASTICIZING METHOD

(57) An automatic rubber powder plasticizing method
which is used for recovery, processing and utilization of
waste rubber, comprising the following steps: smash the
waste rubber to powder in 10 meshes to 40 meshes, add
some activator and softer according to certain weight ra-
tio of rubber powder: activator : softener = 1: 0.3~0.4%:
8~18%, evenly mix them, and then heat the mixture to
180~320° C and hold for 8~15 min; afterwards, carry out
desulfurization and plasticizing, then the plasticized rub-
ber powder is obtained after cooling the resultant mixture.
The invention also provides an apparatus for plasticizing
which comprises a stirring unit (1), a feeding unit (2), a
thermal reaction unit (3) and a cooling unit (4).
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Description

BACKGROUND OF THE INVENTION

1. Technical Field

[0001] The invention relates to an automatic rubber powder plasticizing method which carries out plasticization to the
rubber powder in the recovery, processing and utilization of waste rubber. The invention also provides a plasticization
apparatus for the plasticizing process.

2. Description of Related Art

[0002] Rubber as an important strategic material is strictly controlled by various countries. In spite of high consumption
of rubber, China has very scarce resources of rubber and produces a great deal of waste rubber. To solve the shortage
of rubber resources, China has been advocating, encouraging and supporting the reuse of waste rubber and reclaimed
rubber production.
[0003] Rubber powder, as an intermediate product of the waste rubber upon recycling, is an important resource for
the production of reclaimed rubber. So its quality determines the quality of reclaimed rubber.
[0004] Currently, rubber powder is desulfurized by dynamic vulcanization method mainly. This method has the following
shortcomings:

1. High pressure. Working pressure during desulfurization is high up to 2.2 ~ 4.0MPa; dynamic desulfurization tank
requires the use of class II pressure vessel; long-term use or improper use may cause thinning of the tank wall and
other potential safety hazard, and even lead to accidents of equipment and person.
2. Introduction of water and exhaust emission. Under high temperature conditions, in order to prevent rubber powder
from being carbonized due to uneven heating, it is required to add some water during desulfurization to form steam
or feed steam directly as the heat transfer medium. However, the steam and the added softeners may have complex
reactions, thus to produce odorous exhaust, and further result in serious environmental pollution. Although the
treatment is carried out, it is impossible to fundamentally solve the pollution problems.
3. Intermittent production mode and manual feeding. These have non-continuous production mode, low productivity,
high labor intensity, and the demand of a lot of work and effort.
4. High energy consumption. In intermittent production mode, high pressure and stream are discharged as waste,
and the production cost is high.
5. Unstable quality and low controllability. Intermittent production leads to large quality difference in batches and
low controllability. And the complex reaction takes place in the production conditions of high pressure, high temper-
ature and high humidity. The quality of each batch is known only after pressure and steam relief, so it is hard to
control the quality of each batch.
6. The rubber powder that is treated can be used for the production of reclaimed rubber products only after dehy-
dration. However, dehydration is a complex process and requires a whole set of equipment, thus leading to large
investment, high energy consumption and high cost.

BRIEF SUMMARY OF THE INVENTION

[0005] An object of the present invention is to provide an automatic rubber powder plasticizing process. The simple
process can realize automatic continuous production without pressure, waste gas discharge or pollution, so it is safe
and reliable in use, stable in quality and easy to control. The plasticized rubber powder processed can be directly used
for the production of rubber products without dehydration, thereby saving energy, reducing consumption and investment
as well as lowering cost. The invention also provides a plasticization apparatus for plasticizing capable of realizing
automatic continuous production and featuring a simple structure, with easy and convenient operation, easy control as
well as low cost. To achieve the above object, the solution of the present invention is: smash the waste rubber to powder
in 10 meshes to 40 meshes, add some activator and softener according to a certain weight ratio, evenly mix them, and
then heat the mixture to 180~320°C and hold for 8~15 min, afterwards, carry out desulfurization and plasticizing, then
the plasticized rubber powder is obtained after cooling the resultant mixture. (To distinguish it from the rubber powder
which is obtained by dynamic vulcanization, we call it plasticized rubber powder).
[0006] The detailed process is as follows:

Step 1, ingredients mixing: smash the waste rubber to powder in 10 meshes to 40 meshes, add some activator and
softener according to the weight ratio of: rubber powder: activator: softener = 1: 0.3~0.4%:8~18%, then evenly mix
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them;
Step 2, desulfurization and plasticizing: heat the mixture obtained according to Step 1 to 180~320°C and hold for
8~15 min; then carry out desulfurization and plasticizing to get the plasticized rubber powder of the invention;
Step 3, cooling: cool the plasticized rubber powder after plasticizing to 80°C and below, then the resultant product
can be directly used or packaged for use.

[0007] The activator can be selected from common 450B, 510, 420 and other activators.
[0008] The softener can be commonly used for pix carbonis, pine tar and so on. Rubber powder belongs to vulcanized
rubber, and has elasticity and other properties due to its spatial crosslinked net structure. For the regeneration and
utilization of the waste rubber, it is required to destroy the spatial crosslinked net structure of the original rubber firstly.
The method is as below: 1. mechanical effect, i.e. by means of mechanical smashing (the process of manufacturing
rubber powder); 2. thermal oxidation, that is, the crosslinked net structure is destroyed by scission reaction under thermal
oxidation of rubber; 3. add regenerating agents, i.e. activator and softener, to make vulcanized rubber swelling and soft,
with better plasticity, and accelerate the degradation of the vulcanize rubber. For the crosslinked structure of the vulcanize
rubber, sulfur is often used as cross-linking agent for common rubber to form cross-linked bone structure (the cross-
linked bone includes single sulfur bond, disulfide bond and multiple disulfide bonds, etc.). The common vulcanization
system is primarily based on multiple disulfide bonds. Therefore, the damage of magnetic rubber structure is in fact a
rupture of the cross-linked bond. As the multiple disulfide bonds are smaller than the rubber main chain bond (c-c bond),
the multiple disulfide bonds will break more easily, this is what we called "desulfurization reasons". However, in fact,
sulfur molecules have formed small sulfur rubber molecules rather than being separated. Moreover, the crosslinking
density of vulcanized rubber is small, there is free thermal motion in rubber molecule chains between two cross-linking
points and non-cross-linking unsaturated double chains exist, so the desulfurization rubber powder and recycled rubber
powder have plasticity and re-cross-linking functions.
[0009] The invention also provides an automatic plasticization apparatus for plasticizing processing, which comprises
a stirring unit, a feeding unit, a thermal reaction unit and a cooling unit. The thermal reaction unit is provided with a
heating piece, and the cooling unit is equipped with a cooling circulation piece. The outlet of the stirring unit is commu-
nicated with the inlet of the feeding unit. The outlet of the feeding unit is communicated with the inlet of the thermal
reaction unit, and the outlet of the thermal reaction unit is communicated with the inlet of the cooling unit.
[0010] The feeding unit can adopt many structural forms, such as spiral conveyance unit I or other conveyance units.
[0011] The thermal reaction unit can adopt many structural forms, such as spiral conveyance unit II, and a heating
piece is configured outside the spiral conveyance unit II. The heating unit can adopt many structural forms, such as
electrical heating unit or heat-transfer oil heating circulation unit and so on.
[0012] The cooling unit can adopt many structural forms, such as spiral conveyance unit III, and a cooling circulation
piece is provided outside it. The cooling circulation piece is air cooled or water cooled, etc.
[0013] The stirring unit, the feeding unit, the thermal reaction unit and the cooling unit are electrically coupled to the
electric control unit so as to realize automatic control and continuous production.
[0014] The rubber power to be plasticized is put into the stirring unit with the introduction of an activator and softener
for mixing. After evenly mixed, the mixture is fed into the feeding unit for further mixing, and then delivered to the thermal
reaction unit for desulfurization and plasticizing, after that it is supplied to the cooling unit for cooling, and finally sent
out through the outlet of the cooling unit after cooling of the rubber power plasticized for directly packaging or delivering
to the recycled rubber products factory for manufacturing. By means of the principle of rubber desulfurization, the invention
improves the existing dynamic vulcanization process and carries out the desulfurization and plasticizing of the rubber
powder without pressure or water, thus greatly saving energy and creating no waste gas emission. The process is also
simple, labor & effort-saving, low in cost, stable in quality and easy to control. With continuous production, the process
also features high efficiency. The plasticized rubber powder can be directly used for production of rubber products without
dehydration, thereby saving a lot of energy, labor, materials and financial resources and simplifying the procedure, thus
acquiring remarkable social benefits.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0015] The drawings show the schematic view of the apparatus according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The invention provides an automatic rubber powder plasticizing process for sulfidizing the rubber powder, and
a plasticization apparatus for the plasticizing process.
[0017] Smash waste rubber to powder in 10 meshes to 40 meshes, add activator and softer according to certain weight
ratio, evenly mix them, and then heat the mixture to 180~320°C and hold for 8~15 min, afterwards, carry out desulfurization
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and finally cool the resultant mixture to get the plasticized rubber powder.
[0018] The detailed process is as follows:

Step 1, ingredients mixing: smash the waste rubber to powder in 10 meshes to 40 meshes, add some activator and
softener according to the weight ratio of: rubber powder : activator : softener = 1: 0.3~0.4%:8~18%, then evenly mix
them;
Step 2, desulfurization and plasticizing: heat the mixture obtained according to Step 1 to 180~320C and hold for
8~15 min; then carry out desulfurization and plasticizing to get the plasticized rubber powder of the invention;
Step 3, cooling: cool the plasticized rubber powder after plasticizing to 80°C and below, then the resultant product
can be directly used or packaged for use.

[0019] The activator can be selected from common 450B, 510, 420 and other activators.
[0020] The softener can be commonly used pix carbonis, pine tar and so on.

Embodiment 1:

[0021] Add activator and softener in waste rubber powder in 10~20 meshes, wherein the activator can be selected
from common 450B, 510, 420 and other activators, the softener can be commonly used pix carbonis, pine tar and so
on, at a weight ratio of: rubber powder : activator : softener = 1: 0.3~0.4%:8~10%, and then evenly mix them in the
stirring unit 1; feed the mixture to the thermal reaction unit 3 via the feeding unit 2, and heat it to 280~300°C and hold
for 13~15min under the stirring of the spiral conveyance unit II so that the rubber powder is heated evenly and fully
desulfurized and plasticized at high temperature, afterwards, deliver the resultant mixture to the cooling unit 4 for cooling
to 80°C and below, and then send out from the cooling unit 4 for the production of reclaimed rubber products.

Embodiment 2:

[0022] Add activator and softener in waste rubber powder in 30~40 meshes, wherein the activator and the softener
are the same as those in Embodiment 1, at a weight ratio of: rubber powder : activator : softener = 1: 0.3~0.4%:16~18%,
and then evenly mix them in the stirring unit 1; feed the mixture to the thermal reaction unit 3 via the feeding unit 2, and
heat it to 200~220°C and hold for 8~10min under the stirring of the spiral conveyance unit II so that the rubber powder
is heated evenly and fully desulfurized and plasticized at high temperature and under the action of the activator and the
softener, afterwards, deliver the resultant mixture to the cooling unit 4 for cooling to 80°C and below, and then send out
from the cooling unit 4 for the production of reclaimed rubber products.

Embodiment 3:

[0023] Add activator and softener in waste rubber powder in 20~30 meshes, wherein the activator and the softener
are the same with those in Embodiment 1, at a weight ratio of: rubber powder : activator : softener = 1: 0.3~0.4%:
12~14%, and then evenly mix them in the stirring unit 1; feed the mixture to the thermal reaction unit 3 via the feeding
unit 2, and heat it to 240~260°C and hold for 10~12min under the stirring of the spiral conveyance unit II so that the
rubber powder is heated evenly and fully desulfurized and plasticized at high temperature and under the action of the
activator and the softener, afterwards, deliver the resultant mixture to the cooling unit 4 for cooling to 80°C and below,
and then send out from the cooling unit 4 for the production of reclaimed rubber products.

Embodiment 4

[0024] Add activator and softener in waste rubber powder in 20-40 meshes, wherein the activator and the softener
are the same as those in Embodiment 1, at a weight ratio of: rubber powder : activator : softener = 1: 0.3~0.4%: 14~16%,
and then evenly mix them in the stirring unit 1; feed the mixture to the thermal reaction unit 3 via the feeding unit 2, and
heat it to 200~220°C and hold for 10~12min under the stirring of the spiral conveyance unit II so that the rubber powder
is heated evenly and fully desulfurized and plasticized at high temperature and under the action of the activator and the
softener, afterwards, deliver the resultant mixture to the cooling unit 4 for cooling to 80°C and below, and then send out
from the cooling unit 4 for the production of reclaimed rubber products.
[0025] The test results of the physical properties of the plasticized rubber powder obtained according to the process
of the invention are as follows:
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The test results of the physical properties of the reclaimed rubber produced according to the process of the invention
are as follows:

[0026] It can be concluded from the data above that both the plasticized rubber powder and the reclaimed rubber
manufactured according to the process of the invention meet the national standards.
[0027] The invention also provides an automatic plasticization apparatus for the plasticizing process, comprising a
stirring unit 1, a feeding unit 2, a thermal reaction unit 3 and a cooling unit 4. The thermal reaction unit 3 is provided with
a heating piece 5, and the cooling unit 4 is equipped with a cooling circulation piece 6. The outlet of the stirring unit 1 is
communicated with the inlet of the feeding unit 2. The outlet of the feeding unit 2 is communicated with the inlet of the
thermal reaction unit 3, and the outlet of the thermal reaction unit 3 is communicated with the inlet of the cooling unit 4.
[0028] The feeding unit 2 can adopt many structural forms, wherein the spiral conveyance unit I is used in this em-
bodiment.
[0029] The thermal reaction unit 3 can adopt many structural forms, wherein the spiral conveyance unit II is used in
this embodiment, and a heating piece 5 is configured outside the spiral conveyance unit II. The heating unit 5 can adopt
many structural forms, such as an electrical heating unit or a heat-transfer oil heating circulation unit. In this embodiment,
the heating piece 5 is designed to be a heat-transfer oil heating circulation unit since heat transfer oil heating is even.
[0030] The cooling unit 4 can adopt many structural forms. In this embodiment, it is designed to be the spiral conveyance
unit III, and a cooling circulation piece 6 is designed outside it. The cooling circulation piece 6 can be air cooled or water-
cooled, etc. In order to save energy and/or fully use the excess heat, the cooling circulation piece in this embodiment is
designed to be a circulated water-cooling piece.
[0031] To realize automatic control and continuous production, there is an electric control unit in this embodiment.
The stirring unit 1, the feeding unit 2, the thermal reaction unit 3 and the cooling unit 4 are electrically coupled to the
electric control unit so as to realize automatic control and continuous production.
[0032] By means of the principle of rubber desulfurization, the invention improves the existing dynamic vulcanization
process and carries out the desulfurization and plasticizing of the rubber powder without pressure or water, thus greatly
saving energy and having no waste gas emission. The process is also simple, labor & effort-saving, low in cost, stable
in quality and easy to control. With continuous production, the process also features high efficiency. The plasticized
rubber powder can be directly used for production of rubber products without dehydration, thereby saving a lot of energy,
labor, materials and financial resources and simplifying the procedure, thus acquiring remarkable social benefits. There-
fore, the invented process is characterized by simple procedure, automatic and continuous production, environmental
friendliness without pressure, waste gas emission or pollutant discharge, safety and reliability, stable quality, good
controllability, direct availability of the plasticized rubber powder in rubber products production without dehydration,
energy saving, consumption reduction, low investment and low costs. Furthermore, the invention also provides an

Physical properties of the plasticized rubber powder Table 1
Items Test Results National Standard GB/T 19208-2008
Heating loss/% = 0.6 1.0
Ash content /% = 8 8
Acetone extract/% = 6 8
Rubber hydrocarbon content /% = 54 42
Carbon black content /% = 31 26
Metal content/% = 0.02 0.03
Fiber content/% = 0.06 0.1
Tensile strength /mpa = 19 15
Elongation at break /% = 538 500

Physical properties of the reclaimed rubber Table 2
Items Test Results National Standard GB/T 13460-2008
Heating loss /% = 0.5 1.0
Ash content /% = 7 10
Acetone extract /% = 7 22
Density / mg max = 1.18 1.24
Mooney viscosity max = 74 80
Tensile strength /mpa = 12.3 9
Elongation at break /% = 420 360
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apparatus, for satisfying this plasticizing, featuring realization of continuous production, simple structure, convenient
operation, good controllability and low costs.

Claims

1. An automatic rubber powder plasticizing process, characterized in that it can smash the waste rubber to powder
in 10 meshes to 40 meshes, add some activator and softer according to certain weight ratio, evenly mix them, and
then heat the mixture to 180~320° C and hold for 8~15 min, afterward, carry out desulfurization and plasticizing,
then the plasticized rubber powder is obtained after cooling the resultant mixture.
The detailed process is as follows:

Step 1, ingredients mixing: smash the waste rubber to powder in 10 meshes to 40 meshes, add some activator
and softener according to the weight ratio of: rubber powder : activator : softener = 1: 0.3~0.4%:8~18%, then
evenly mix them;
Step 2, desulfurization and plasticizing: heat the mixture obtained according to Step 1 to 180~320° C and hold
for 8~15 min; then carry out desulfurization and plasticizing to get the plasticized rubber powder of the invention;
Step 3, cooling: cool the plasticized rubber powder after plasticizing to 80° C and below, then the resultant
product can be directly used or packaged for use.

2. A plasticization apparatus for the automatic rubber powder plasticizing according to Claim 1, characterized in that,
comprising a stirring unit (1), a feeding unit (2), a thermal reaction unit (3) and a cooling unit (4), wherein the thermal
reaction unit (3) is provided with a heating piece (5), the cooling unit (4) is equipped with a cooling circulation piece
(6), the outlet of the stirring unit (1) is communicated with the inlet of the feeding unit (2), the inlet of the feeding unit
(2) is communicated with the inlet of the thermal reaction unit (3), and the outlet of the thermal reaction unit (3) is
communicated with the inlet of the cooling unit (4).

3. The plasticization apparatus for the automatic rubber powder plasticizing according to Claim 2, characterized in
that said feeding unit (2) is designed to be a spiral conveyance unit I.

4. The plasticization apparatus for the automatic rubber powder plasticizing according to Claim 2, characterized in
that said thermal reaction unit (3) is designed to be a spiral conveyance unit II, and a heating piece (5) is configured
outside the spiral conveyance unit II.

5. The plasticization apparatus for the automatic rubber powder plasticizing according to Claim 4, characterized in
that the heating piece (5) of the thermal reaction unit (3) is designed to be a heat-transfer oil heating circulation unit.

6. The plasticization apparatus for the automatic rubber powder plasticizing according to Claim 2, characterized in
that said cooling unit (4) is designed to be a spiral conveyance unit III, and a cooling circulation unit (6) is configured
outside the spiral conveyance unit III.

7. The plasticization apparatus for the automatic rubber powder plasticizing according to Claim 6, characterized in
that the cooling circulation piece (4) of said cooling unit (6) is designed to be a water-cooling circulation piece.

8. The plasticization apparatus for the automatic rubber powder plasticizing according to Claim 2, characterized in
that an electric control unit is further provided for the said automatic rubber powder plasticizing process apparatus,
and the stirring unit (1), the feeding unit (2), the thermal reaction unit (3) and the cooling unit (4) are electrically
coupled to the electric control unit.
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